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PREFACE 
Progress in engineering is a result o£ fores~ght, 
planning and trial. For many years concrete highway 
bridges have been designed in an orthodox manner. This 
paper deals with a new conception of concrete highway 
bridge constructiono To the best of the knowledge of the 
writer, the methods contained in this paper have not been 
in trial before. It is hoped that other investigators 
and designers will read this work and contribute to the 
improvement of the methods contained herein. 
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INTRODUCTION 
In the Fall o£ 1951, as a result o£ an agreement 
between the Por~land Cement Association and the Missouri 
Stat·e Highway Department, with the approval and good 
wishes of the United States Department o£ Commerce, Bureau 
o£ Public Roads, the State Highway Department embarked on 
a program to design and construct several precast, 
prestressed, and precast-prestressed concrete highway 
bridges. 
The purpose o£ this extensive program being to indi-
cate to State Highway of£icials and other interested 
parties the advantages of these types of constructiono In 
the words of Mr. S. W. O'Brien, District Engineer for the 
Bureau of Public Roads, "The use of a precast deck {girder) 
would begin a practice that may lead to worthwhile econo-
mies in secondary bridges of short spans." (l) 
(1) Excerpt £rom a letter of November 20, 1951, by Mr. 
O'Brien to Mr. Rex M. Whitton, Chief Engineer, 
Mdssouri State Highway Departmento 
The two primary advantages of small precast concrete 
highway bridges are (1) the contractors could form and 
cast the girders at a time and a site that was convenient 
to their labor, equipment, and material supplies, and (2) 
they require a much shorter construction period. 
The first advantage mentioned above would allow the 
contractor to form and cast the girders during his other-
wise slack season at an economical location. He would 
thereby have an increased annual volume of business and 
a more stable and experienced staff of employees on his 
payroll. 
The second advantage mentioned would eliminate long 
delays in getting the structure open to traffic. 
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Both advantages indicate a big saving in time, labor, 
money, and material to the contractor, most of which will 
unquestionably be reflected back to the State Highway 
Department. 
The difficulty with this type of design is in finding 
an economical girder section. The most desirable girder 
section is one in which the design stresses for both the 
concrete and the reinforcing steel are approaching their 
maximum allowable stresses. In attempting to find a 
desirable section, the allowable design stresses for con-
crete were varied from 1000 pounds per square inch to 1500 
pounds per square inch, while the design stress for rein-
forcing steel remained constant at 18,000 pounds per 
square inch. 
DESIGN PROCEDURE 
The first steps in the layout and design of a new 
bridge are made by a District Surveys and Plans office. 
After a reconnaissance of the area and interviews 
with local citizens, the engineers endeavor to plot the 
best location for the new highway. Once the tentative 
location is approved by the State Highway Commission, an 
accurate survey is made to determine the line and present 
profile of the proposed highway. This information, (2 ) 
(2) See Appendix A. Profile and Plat. 
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along with a Bridge Survey Report, is sent to the prelimi-
nary estimating section of the Division of Bridges. 
From the Bridge Survey Report for the bridge in ques-
tion, it was learned that the drainage area is 23.0 square 
miles, the character of drainage is hilly, and the length 
of the valley is 7.0 miles. The time elapsed between the 
beginning of a heavy storm and the flood crest at the 
bridge site was estimated to be 4.0 hours. The afore-
mentioned information was checked by the use of United 
States Geological Survey maps. 
From the Division of Highway Planning, it was deter-
mined that the traffic count was 37 vehicles using this 
crossing in a 24-hour period. 
The District Office had recommended using 4 - 31 ft. 
I-beam spans and making an all weather crossing at this 
point. Mr. D. K. Marshall, of the preliminary estimating 
section in the Division of Bridges, however, tentatively 
figured on changing the crossing to a short distance 
upstream and using a low water crossing. 
At the time o£ the field check, June 7, 1951, Mr. 
Marshall and representatives from the District Surveys and 
Plans office decided to use 3 - 30 ft. concrete deck girder 
spans at the original crossing. 
Soundings taken with sleeve hammer indicated rock cov-
ered with 1.6 £t. to 6.4 £t. of sandy clay and gravel. (3) 
(3) See Table I, Page 5. Log of Soundings. 
The velocity of the stream indicated that a rock 
blanket would be needed at both ends of the bridge. 
At this time, November 9, 1951, copies of the Design 
Layout, Log of Soundings, Bridge Survey Report, Survey 
Plat Sheet, and the Profile Sheet showing the general ele-
vation were sent to Mr. S. W. O'Brien for his approval. 
He had the following comments to make. "It is noted that 
the waterway provided under the layout as proposed is 
a1most sufficient to pass the estimated flood flow of 
twenty-five year frequency. While we do not think it is 
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TABLE I 
LOG OF SOUNDINGS 
ROUTE A, STONE COUNTY, BR. NO. T-979 
Station Location Surf.Elevo Depth ElevoBott. Bott. on Log of Materials 
438+97 12'Rt. 1006.3 1.6 1004.7 Rock 1.6 1 Red Clay 
12 1Lt. 1007.4 2.5 1004.9 Rock 2o5 1 Red Clay 
439+30 10 1Rt. 1.9 2.1 999.8 Rock 2.1' Sand & Gravel 
10 1Lt. 2.9 2.4 1000.5 Rock 2.4' Sand & Gravel 
439+62 15 1Rt. 3.9 6.2 997o7 Rock 6.2' Sandy Clay & Gravel 
10 1Rto 4.1 6.4 997.7 Rock 6.4' Sandy Clay & Gravel 
51Rto 4.4 4.1 1000.3 Rock 4ol 1 Sandy Clay & Gravel 
10 1Lt. 4.0 3.8 1000.2 Rock 3.8• Sandy Clay & Gravel 
439+95 12 1Rt. 4.3 4.6 999.7 Rock 4.6 1 Sandy Clay & Gravel . 
12 1Lt. 4.0 4.1 999o9 Rock 4.1 1 Sandy Clay & Gravel 
439+57 10 1Rt. 1004.2 4.1 1000.1 Rock 4.1' Sandy Clay & Gravel 
439+67 10 1Lt. 1004.6 4.2 1000.4 Rock 4.2' Sandy Clay & Gravel 
(All Soundings Taken With Sleeve Hammer) 
important that the bridge be made longer so as to provide 
that much capacity, we do believe it would be a good idea 
to investigate the desirability of this. Rock blanket 
protection is proposed anyway so higher velocities around 
the bridge ends would apparently do no harm. It would be 
desirable to ease the sharp dip of the proposed grade on 
the south side which would be done i£ the bridge is 
designe~ £or all the £lowo" (4) 
(4) Excerpt £rom letter o£ November 20, 1951, £rom Mr. 
O'Brien to Mr. Whitton. 
Mr. Marshall did not agree and replied, ffiWith refer-
6 
ence to your comments concerning the use o£ an all weather 
crossing at this location, we wish to say that some study 
was made along this line, both prior to field checking and 
at the time o£ field checking this site. To conform to 
our regular policy with regard to velocities it would be 
necessary to lengthen the proposed structure about twenty-
three feet to take care of the twenty-five year frequency 
flood. This matter was discussed with the District at the 
time of field checking and it was their preference that 
the minimum amount o£ money be spent because of the 
traffic classification of this improvement." (5) 
(5) Excerpt from letter of November 24, 1951, £rom Mr. 
Marshall to Mr. O'Brieno 
Mr. O'Brien did not agree with Mr. Marshall, but 
offered no further objections. 
The design layout (See Table II, Page 8) now called 
for 3 - 30 ft. concrete deck girder spans with a 20 ft. 
roadway and a solid concrete handrail. The substructure 
was to consist of open type concrete bents to rock. The 
7 
bridge was to be built on a flat grade with a square skew 
and a tangent alignment. 
On January 18, 1952, the superstructure layout was 
changed from the conventional deck girder design to pre-
cast concrete girders with a cast in place slab and curb. 
The principle reason this particular stream crossing 
was selected for this unconventional bridge was because it 
was the first one of the few stream crossings on supple-
mentary roads calling for a concrete deck girder design.<6> 
(6) ~ rhis information was obtained in a conversation with 
Mr. V. W. Enslow, Senior Engineer III, who was Bridge 
Engineer at the time this bridge was designed and 
built. 
On January 31, 1952, the writer was assigned to 
design and detail the plans for the proposed structure. 

PRELIMINARY DESIGN 
In preparing to design the superstructure, it was 
decided to design the precast girders to carry their own 
weight in addition to the dead load of the cast in place 
slab. It was also decided that the precast girders and 
the cast in place slab would be tied together with shear 
connectors in order that after the slab had cured, they 
would act together as a T-beam section to carry the live 
load as well as the dead load o£ the girders, slab, curb, 
and concrete handrail. 
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Several preliminary designs were run using rectangu-
lar concrete precast girder sections to determine the most 
economical number of girders and the girder spacing to be 
used. 
From the preliminary computations it was decided to 
limit the number of lines of girders to either four or 
five. Using three lines of girders would prohibit econom-
-ical transporting and handling of the girders because of 
their excess weight. The use of six lines o£ girders was 
not· considered to be~onomical. 
In the first preliminary design, four rectangular 
precast girders were used with a cast in place slab. (See 
Fig. 1, Page 10.) The allowable design stresses were 
18,000 pounds per square inch for the reinforcing steel 
and 1500 pounds per square inch for the concrete. 
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The second preliminary design called £or the same 
number and shape o£ girders and girder spacing. The al-
lowable design stress r .emained 18,000 pounds p·er square 
inch for the reinforcing steel, but was lowered to the 
usual figure o£ 1000 pounds per square inch for concrete. 
The third preliminary design was made using five rec-
tangular precast girders with a cast in place slab. (See 
Fig. 2, Page 1~) The allowable design stresses used were 
again 18,000 pounds per square inch £or the reinforcing 
steel and 1000 pounds per square inch £or the concrete. 
The results of the three preliminary designs (See 
Table III, Page 13), indicated that using £our lines o£ 
girders and allowable design stresses o£ 18,000 pounds per 
square inch and 1000 pounds per square inch for the rein-
forcing steel and the concrete respectively would give the 
best results. 
The results also indicated that a rectangular section 
was not the most suitable section to use. The difficulty 
was in the fact that while the slab was poured and curing 
the precast girders were stressed to approximately four 
times the stress they would carry after the bridge was 
opened to traffic. 
The problem at hand was to determine a girder section 
that would support the slab until it attained its designed 
strength and still not be over-designed after the slab was 
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allowed to assume its portion of the load. 
This problem was overcome to a limited degree by 
trimming off the least effective concrete from the origi-
nal rectangular sectiono (See Fig. 3, Page 15.) While 
this did not solve the problem completely, it was a great 
improvement over the rectangular section and therefore it 
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The slab was designed as i~ it was to be for an 
I-beam span instead of the conventional design for a con-
crete deck girder. (See Fig. 4, Page 17) 
(7) 
6 {7) s = .75 -1.75 = 5.0 ft. 
American Association of State Highway Officials, 5th 
Editiont 1949 (Standard Specifications £or Highway 
Bridges}, Page 142 3.3.2 (i) 
(8) E • (.6 X 5.0) + 2.5 • 5o50 ft. . 
(8) ibid. Page 140 3.3.2 (a) Case A 
Assume a 6 inch slab. (9) 
(9) Missouri State Highway Department Standard, Index B, 
Section IV, Design Assumptions and Office Practice. 
Slab Design (b6), August 1, 1945. 
Dead Load Moment 1/10 x .075 x (5.0) 2 = .19 ft. Kips 
Live Load Moment 
and Impact • 2 x (8. 0/5 • 50) x 5 • 0 x 1. 3 = 1 o 89 
Total Moment 2.08 ft. Kips 
Therefore use a 6 in. slab reinforced with #4 bars at 
6 in. and 12 in. centers. (lO) The resisting moment is 
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(10) ~ssouri State Highway Department Standard, E-18, 
Sheet 1 o£ 4. 
£ound to be 2.62 ft. Kips for the concrete and 2.23 £t. 
Kips for the reinforcing steel. 
18 
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PRECAST GIRDER DESIGN 
To simplify erection, all the concrete girders were 
designed with identical reinforcing steel. To accomplish 
this meant that the exterior girders would be designed 
considering no curb outlets to be used while the interior 
girders were designed using curb outlets. This procedure 
caused the interior girders of the end spans and the exte-
rior girders of the center span to be slightly over de-
signed as curb outlets were only to be used in the center 
span. 
Maximum Dead Load Reactions to Girders (See Fig. 4, 
Page 17) 
Exterior Girders {Omitting Curb Outlets) 
Rail 167 lb./ft. X 1.04 = 174 lb. 
Curb 200 X .71 • 142 
Slab 113 X G75 = 84 
480 lb./ft. 400 lb. 
R : 480 + {400/6. 75 X 6/5) + (0o4 x 75 X 6. 75) = 754 lbo/ft. 
Interior Girders {Using Curb Outlets) 
Rail 167 lb./ft. X lo04 - 174 lb. 
Curb 153 X o71 • 109 
Slab 113 X 
.75 = 84 
433 lb./ft. 367 lb. 
R • -(367/6.75 X 6/5) + (1.1 X 75 X 6.75) • 492 lb./fto 
Live Load Distribution to Girders 
Interior Girders (11) 
6$75 • 1.35 Wheel Lines 
(11) A.A.S.H.O. opG cit. Page 138 3.J.l(b) (1) 
(12) 
Exterior Girders (12) 
i:*;5 = 0.685 Wheel Lines 





As previously mentioned, the girders were first de-
signed as a beam to support the dead load of the cast in 
place slab, curbs, and handrail until they had attained 
their design strength. The slab and the girders were then 
considered to be tied together, by the use of shear con-
nectors, and were designed as a T-beam section to carry 
the live loads. 
DESIGN OF PRECAST GIRDER AS A BEAM 
21 X 6 = 126.0 X 3.0 = 
13.4 X }.6 : 4So2 X 7.80 -
-
(,3.6)2 - 13.0 X 7.20 = -




- 9.61 in. 272. 
Moment of Inertia 
Concrete 1/12 X 21 X (6.0)3 
Concrete 126.0 X (6.61) 2 
Concrete 1/2 X 13.4 X (3.6) 2 
Concrete 48.2 X (1.81)2 
3 - #10 bars 38.0 X (9.14) 2 
3 - #11 bars 46o9 X (12.89} 2 











Dead Load Slab 















Dead Load End Reaction 
1159 x 16.25 = 18.83 Kips 
Interior Girder 
Dead Load Slab 




· Dead Load End Reaction 
897 x 16.25 = 14.58 Kips 
Designing for an H-10 Truck 
The maximum total load moment will occur under the 
22 
rear wheel of the truck 1.4 ft. from the centerline of the 
span. (l3) The dead load moment is therefore calculated 
(13} Kirkham, J. E., Structural Engineering, 2nd Edition, 
1933, Page 129. 
at this point. 
Dead Load Moments 
Exterior Girder 
18.83 X 14.37 = +270.59 ft. Kips 
1159 X 1/2 X (14.37) 2 a -119.66 
150.93 ft. Kips 
Interior Girder 
14.58 X 14.37 




+209.51 f"t. Kips 
- 92.61 
116.90 .ft. Kips 
Designing the section as a beam to carry the total 
dead load we have: 
f"s = 
Exterior Girder 





150.93 X (10)3 X 12 X 9.61 




116.90 X (10)3 X 12 X 12 .89 X l.O 17322 




10439 1b./in. 2 
= 778 lb./in.
2 
DESIGN OF GIRDER AS A T-BEAM 
The section and the slab were then designed as a 
T-beam to carry the live loado 
Determining the Neutral Axis and Moment of' Inertia 
Exterior Girders 
Slab (14) 58.5 X 5.5 = 321.8 X 2.75 = 885.0 
3 - #10 bars 3.8 X 10 = 38.0 X 24.25 = 921.5 
3 - #11 bars 4.69 X 10 = 46.9 X 28.0 - 1313.2 -
406.7 





450o0 in. 2 3 3402.4 in. · 
y = 3402.4 = 450.0 7.56 in. 
(14) Missouri State Highway Department Standard, Index B, 
Sec. IV. op.cit. Slab Design (b6) 
A.A.S.H.O. op. cit. Page 192 3.7.6 (a) 
Moment of' Inertia 
Slab 1/12 X 58.5 X (5.5)3 - 810 in.4 
-
Slab 321o8 X (4.81) 2 = 7455 
3 - #10 bars 38.0 X (16.69) 2 • 10585 
3 - #11 bars 46.9 X (20.44) 2 D 19595 
38435 in.4 
Interior Girders 
Slab 81 X 5.5 = 445.5 X 2.75 = 
3 - #10 bars 3.8 X 10 = 38.0 X 24.25 = 
3 - #11 bars 4.69 X 10 - 46.9 X 28.0 -- -
530.4 
Stem 21 X 1.0 = 21.0 X 6o00 a 




= 6o50 in. 551.4 
Moment of Inertia 
Slab 1/12 X 81 X {5o5) 3 - 1123 
Slab 445.5 X ().75) 2 • 6265 
3 - #10 bars 38.0 X (17.75) 2 = 11972 
3 - #11 bars 46.9 X (2lo50) 2 = 21680 
41040 
Maximum Live Load Moment (See Fig. 5, Page 26) 
4.56 x 14o37 = 65.53 ft. Kips/Wheel Line 
Maximum Live Load Moment + Impact (15) 
(15) A.A.S.H.O. op. cit. Page 135 3.2.12{c) 
Exterior Girders 
65.53 X .685 X 1.3 = 58.35 ft. Kips 
Interior Girders 
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Rt .=: 4. 5riJ Kips Re :: 5. 44 Kips 
L;ve Load Posfion ror Maximum Moment 
F"IGURE 5 
Live Load Stresses in the T-Beam 
Exterior Girder 
: 58.35 X (10)3 X 12 X 20o44 X 10 : 
ts 38435 





fs - 115.01 X (10) 3 X 12 X 21 50 X 10 : 7720 1b./in. 2 
- 38435 • 
: 115.01 X (10)3 X 12 X 
fc 38435 6.50 233 lb./in.
2 
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TOTAL DESIGN STRESSES 
The total stresses in the girders were then deter-
mined. The reinforcing steel stress was calculated £or 
the bottom row of bars and the concrete stress was calcu-
lated at the bottom of the slab. 
Exterior Girder 
Reinforcing Steel Stress 
Dead Load 13478 lb./in. 2 





17202 lb./in. 2 
1005 1b./in. 2 
33 
1038 lb./in. 2 
Reinforcing Steel Stress 
Dead Load 10439 1b./in. 2 




2 18159 lb./in. 
778 lb./in. 2 
27 
805 lb./in. 2 
(16) 
The allowable design stresses (l6 ) used were 18,000 
A.A.S.H.O. op. cit. Page 149 
Page 150 
29 
lb./in. 2 for the reinforcing steel and 1,000 lb./in. 2 for 
the concrete. 
The reinforcing steel therefore was o.SS% over-
stressed and the concrete was ).S% overstressed. This 
over-stress was not considered serious and the assumed 
sections and reinforcing were used. 
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HANDLING STRESSES AND REINFORCING 
It was then necessary to reinforce the girder to 
withstand stresses set up in handling. The maximum stress 
would occur if the girder happened to be placed on uneven 
ground so as to be balanced on a fulcrum at the centerline. 
Reinforcing was to be placed in the top flange o£ the gir-
der to provide for these stresses. 
The maximum moment incurred during handling would be: 
1/8 X 405 X (32.5) 2 -
-
53.47 f'to Kips 
Four #6 bars were placed in the top flange, (See Fig. 
3, Page 15) and the neutral axis was determined as fol-
lows: 
3 #11 bars 
3 #10 bars 
4 # 6 bars 
Stem 
y 
4.69 X 9 = 42.21 X 2.5 
3.80 X 10 - 38.00 X 6.25 
-
lo77 X 10 • 17.70 X 23o0 
97.91 




170.71 ino 2 















Moment o£ Inertia 
Stem 1/12 X 13 X (5.59)3 • 189 in.4 
Stem 72.8 X (2.795)2 II 569 
3 - #11 bars 42.21 X (3 o09) 2 - ' 403 
-
3 - #l.O bars 38.0 X (0.66) 2 - 17 
-
4 - # 6 bars 17.7 X (17.41) 2 - 5365 
-
6543 in.4 
The stresses incurred were found to be: 
fs -
-




53.47 X (10)3 X 12 
6543 X 5.59 --
The 4 - #6 bars that we assumed in the beginning were 
used. 
For the spacing and details of the lifting hooks see 
Fig. 6, Page 32. 
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It then became necessary to provide for the horizon-
tal shears and to tie the girders and the slab together so 
they would act as a T-beam as it was assumed in the girder 
design. This was to be accomplished through the use of 
keys in the top of the girder. 
Maximum Horizontal Shear at Key 
Maximum Dead Load Shear 
Exterior Girder 
Girder 1159 X 16.25 - 18835 lbo 
-




Girder 897 X 16.25 = 14575 1bo 
Diaphragm 1420 
15995 lb. 
Statical Moment (Q) 
Exterior Girder 
5o5 X 58.5 X (7.56-2.75) = 1547.6 in.3 
Interior Girder 
5.5 X 81 X (6o50-2.75) = 1670.6 in.3 
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Maximum Dead Load Unit Shear 
Exterior Girder 
Interior Girder 
15995 X 1670.6 I 2 = 31.00 lbo in. 41040 X 21 
Maximum Live Load Unit Shear 
Exterior Girder 
9.1 X o685 X 12~7.6 X 1.2 
= 15o54 lbo/in.
2 
38435 X 21 
Interior Girder 
2•1 X 1._22 X l670o6 X 1.2 
= 30o96 1b./in.
2 
41040 X 21 







= 38.14 1b./in.2 
= 15.54 
53.68 lb./in. 2 
= 31.00 lb./in. 2 
30.96 
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Total Maximum Shear Per Foot 
61.96 X 21 X 12 = 15614 lb./in. 2 
Total Allowable Shear Per Foot 
60% (l7) X 1000 X 9 X 12/2 : 32400 lb./in.2 
(17) Urquhart; L. C. & O'Rourke, C. E., Design of Concrete 
Structures, 4th Edition, 4th Impression, 1940, p. 33 
With the above results, it was permissible to use 
12"x9"xl" keys at 2'-0" centers. 
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WEB REINFORCEMENT IN THE GIRDERS 
The second row o£ the main girder reinforcing was to 
be bent up as .part of the web reinforcement. (lS) In the 
(18) A.A.S.H.O. op. cit. Page 194-195 3.7.9 (a) & (b) 
design of the web reinforcement, however, only the vertical 
stirrups were assumed to carry the shearing stresses. (l9) 
(19) Missouri State Highway Department Standard, Seco IV, 
Index B, op. cit., Page B2 (bl6) 
Exterior Girder 
Maximum Dead Load Shear (Page 33) - 19890 lb. 
Maximum Live Load Shear 9.1 X .685 = 6235 
Impact (30%) = 1870 
27995 lb. 
Interior Girder 
Maximum Dead Load Shear (Page 33} = 15995 lb. 
Maximum Live Load Shear 9.1 X 1.35 = 12285 
Impact (30%) = 3685 
31965 lb. 
The maximum allowable shear that may be taken by the 
concrete is: 
VC : 90 X .875 X 13 X 28 m 28665 lb. 
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Therefore, reinforcing will have to be provided to 
carry the remaining shearing stress of (31966 - 28665) or 
3300 lbs. 
The spacing of #4 bars was found as follows: 
s = 2 X .1963 X .875 X 28 X 18000 3300 = 52.4 in. 
Therefore, minimum reinforcement or maximum spacing -
was used. (20) 
(20) A.A.S.H.O. op. cit. Page 195 3o7.9 (c) 
DEAD LOAD DEFLECTION OF PRECAST GIRDERS 
The dead load deflection was calculated in order to 
determ±ne the amount of camber required in the girderso 
The correct camber then had to be built into the forms 
before the concrete was poured. 
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To calculate the dead load deflection, the following 






g = 3,625,000 in.4 
(21) A.A.S.H.O. op. cito Page 186, Section 7 3.7.1(4) 
and the dead load of the interior girder was 900 lb./ft. 2 • 
Locating the Neutral Axis 
4.69 X B = 37o5 X 22.5 = 843.8 in.3 
3oBO X g = 30.4 X 18.75 = 570.0 
21 X 6 - 126o0 X 3.0 = 378.0 
-
15.30 X 2.85 - 4Jo6 X 7.425 = 323.7 -
(2.85) 2 = Sol X 6o95 a 56.3 
245o6 in. 2 2171.8 in.3 
y = 2171.8 g g 245.6 a • 4 in. 
Moment o:f Inertia 
37.5 X (13.66) 2 - 6997 in.4 
30.4 X ( 9.91) 2 - 2986 
126.0 X ( 5.84) 2 - 4297 
-
43.6 X (1.415) 2 - 87 
-
B.l X ( lo89) 2 = 29 
1/12 X 21 X ( 6.0 )3 - 378 
1/12 X 15.3 X ( 2.84)3 - 29 
-
14803 in.4 
Dead Load Deflection at the Centerline (22) 
(22) Missouri State Highway Department Standard, E-20 
Def'lections. 
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5 X 910 X (3lo5)4 X {12)3 : 
384 X 3625000 X 1480) .3756 ino(Use 1/2") 
Dead Load Deflection at the one-quarter points 
~ = .3756 x .7125 = .2676 in. (Use 1/4") 
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DIAPHRAGMS 
The end diaphragms were to be designed to carry their 
own dead load in addition to the live load placed at the 
center o£ the diaphragm. 
Assume a 10" x 12-l/2" section below the slab 
Dead Load Moment 






1/8 X .1) X (5o67)2 = .52 .ft. Kips 
1/4 X 8 X 5o67 X lo) -
-
14o74 
15.26 ft. Kips 
15.26 X (10)3 X 12 71.5 (16)2 = 10 X 
.00451 
.?22 ino 2 
Therefore, 2 - #6 bars (Area • .88 in. 2 ) were used. 
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SUBSTRUCTURE DESIGN 
The usual substructure units for State Highway 
Department concrete deck girder bridges of this size are 
open type concrete bents or dumbbell piers. On this proj-
ect the open type bents were used because they were more 
economical. The footings of all bents were to be on hard 
solid undisturbed rock. (See Table II, Page 8) 
Design o£ Intermediate Bents Nos. 2 and 3. 
Superstructure Dead Load Reaction to Bents -




R - 39090 lb. 
-
Interior Girders 897 X 32.5 = 29150 lb. 
Diaphragm = 2840 
R = 31990 lb. 
Assume a spacing of 15'-6" center to center of 
columns. (23) {See Fig. 7, Page 42) 
(23) ~ssouri State Highway Department Standard, Section 
IV, Index R {rl2) 
-
Dead Load Column Reaction 





Defo;/s of Inlerrnediale Benls No. 2 & 3 
FIGURE 7 
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SECTION AT _£ 
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Positive Dead Load Superstructure Moment Under Interior 
Girder: 
+71.08 X 7o75 = +550.87 ft. Kips 
-39.09 X 10.125 : -395.79 
-31.99 X 3.375 -
-
-107.97 
+M = + 47.11 ft. Kips 
Negative Dead Load Superstructure Moment over the Column 
-M = 39.09 x 2.375 = -92.84 ft. Kips 
Maximum Live Load Reactions to Bents (See Fig. 8, Page 44) 
One Wheel Line -
-
9.11 Kips 
Exterior Girder Live Load Reaction 
R - 9.11 X o6B5 - 6.24 Kips 
-
Interior Girder Live Load Reaction 
R a 9.11 X lo35 ::: 12.30 Kips 
Live Load Column Reaction 
R • 6.24 + 12.30 - 18.54 Kips 
-
Maximum Positive Live Load Moment Under Interior Girder 
+18.54 X 7o75 • +143.69 ft. Kips 
- 6o24 X 10.125 = - 63.18 
-12o30 X 3.375 = - 41.51 
+M - + 39o00 ft. Kips 
-
+30% Impact a 11.70 





1 /81 ~ 1/ 
-
2f IPS 
3P!G'1 32!~ II 32~0 11 
Rt Rz=9.1/Kips RJ==089Kips 
Max.L1ve Load Reocf1on fo Inlermedlale Benls 
fl GURE. 8 
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Maximum Negative Live Load Moment over Column 
-M - 6.24 X 2.375 = -14.82 ft. Kips -
+30% Impact = 4.45 
- Moment and Impact - -19.27 ft. Kips 
-
Assuming a beam size (24) of 2'-6" X 3'-0", (See Fig. 
(24) ibid. Index R 1.17 
?, Page 42), we· £ind the dead load o£ the beam to be 1120 
1b./£t. and the dead load column reaction to be 1120 x 
11.4167 = 12.79 Kipso 
The dead load substructure positive moment under the 
interior girder is found to be: 
+12.79 X 7.75 = 
-1120 X (11.4167)2 X 1/2 -
+99.12 ft. Kips 
-72.99 
+M = +26.13 ft. Kips 
The dead load substructure negative moment is then 
found to be: -1120 x (3.67) 2 x 1/2 = 7o53 ft. Kips. 
TABLE IV SUMMARY OF THE MOMENTS 
Pos:itive Moment Negative Moment 
Live Load &. Impact 50.70 ft.Kips 19.27 ft.Kips 
Dead Load Superstructure 47.11 92.84 
Dead Load Substructure 26.13 7.53 
Total Moments 123.94 ft.Kips 119.64 ft.Kips 
Determining the amount of reinforcing steel required. 
For Positive Moment 
-
12 X 123.94 X {10)3 44.2 K -
- {33.5) 2 30 X 
p = o00278 
As - 2o79 in. 2 
-
Therefore, 5 - #7 bars (As= 3.01 sq. in.) were usedo 






12 X 119o64 X (10)3 
30 X (32)2 
.00294 




The shearing stresses were calculated at the faces 
of the columns in order to determine the reinforcing re-
quired. ( 25 ) The column haunches were not considered to 
(25) ibid. R2 (rl3) 
be effective. (26) 
(26) ibid. R2 (rl2) 
Total Shear at Outside Face of Column 
Dead Load Superstructure (Page 33) 2 X 19890 - 39780 lb. 
-
Dead Load Substructure 1120 X 2.67 • 2990 
Live Load (Page 36) = 6235 
Impact (30%) = 1870 
50875 lb. 
Total Shear at Inside Face of Column 
Dead Load Superstructure (Page 33) 2 X 15995 = 31990 lb. 
Dead Load Substructure 1120 X 6.75 = 7560 
Live Load (Page 36) - 12285 
-
Impact (30%) a 3685 
55520 lb. 
The maximum unit shear is there£ore, 
v -
55520 
- 66.1 lb./in. 2 30 X 32 X 7/8 
The allowable unit shear is 90 lb./in. 2 • ( 27) 
(27) A.A.S.H.O. , op. cit. Page 149 3.4.11 (d) 
Therefore, minimum rein£orcing (28 ) may be used. 
(28) ~ssouri State Highway Department Standard, op. cit. 
R3 (rl5). 
The remaining dimensions, details, and reinforcement 
for the Intermediate Bents were standard. (29) Therefore, 
(29) ibid. Section R. 
no design calculations were necessary. 
The only features of the Intermediate Bents which 
were peculiar were the keys located between the interior 
girders and the steps along the top edges of the beam. 
(See Fig~ 7, Page 42) 
The keys were used to prevent the girders from shift-
ing sideways out o£ their proper positions. On standard 
bridges the bearing plates are used for this purpose in 
addition to distributing the loads. 
The steps along the top edges of the beam were used 




DESIGN OF END BENTS NOS. 1 AND 4 
The detail dimensions o£ the end bents (See Fig. 9, 
Page 51) were determined using Missouri State Highway 
Department Standards (30) without any designing required. 
(30) Missouri State Highway Department Standard, Sec. IV, 
Index Ql. 
The only calculations made were to determine the 
amount o£ rein£orcement required by the shear and the 
positive moment and to check the stability o£ the bent. 
Superstructure Dead Load Reaction to End Bents. 











897 x 16.25 = 14,575 lbs. 
= 1,420 
R = 15,995 lbs. 
Use 16.00 Kips 
There£ore the superstructure dead load column reac-
tion is £ound to be 19.55 + 16.00 = 35.55 Kips. 
21'' 
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Positive Superstructure Dead Load Moment Under 
Interior Girder. 
+ 35.55 X 11.0 = + 391.05 ft. Kips 
19.55 X 10.125 = 197.94 
16.00 X 3.375 = 54.00 
+ 139.11 :ft. Kips 
Maximum Live Load Reactions to End Bents. 
Exterior Girders = 6o24 Kips (See Page 43) 
Interior Girders = 12.30 Kips (See Page 43) 
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Again the maximum live load column reaction was :found 
to be 6.24 + 12.30 -
-
1$.54 Kips. 
Positive Live Load Moment Under Interior Girder. 
+ 18.54 X 11.0 




12.30 X 3.375 : 
. + 30% Impact = 
+ 203o94 ft. Kips 
63.18 
41.51 
+ 99o25 ft. Kips 
29.78 
+ 129.03 ft. Kips 
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Substructure Dead Load Column Reaction. 
3.31 X 1o5 X .15 X 1lo0 = 8o19 Kips 
3.31 X 1o5 X .15 X .875 = .65 
2.25 X loO X .15 X 5.48 = 1oS5 
5.91 X 1.0 X o15 X loO = .89 
1/2 X ).66 X 1.0 X .15 X 5.48 = 1.50 
13.08 Kips 
Substructure Dead Load Positive Moment. 
1).08 X 7.625 = + 99.74 .ft. Kips 
8.19 X 2.125 = 17o40 
o65 X So065 - 5.24 
-
1.85 X 12.23 - 22.63 
-
.89 X 9.00 = 8o01 
1.50 X 11.32 - 16.98 
+ 29.48 .ft. Kips 
TABLE V - SUMMARY OF COLUMN REACTIONS & POSITIVE MOMENTS 
Column Reaction Positive Moment 
Live Load 18.54 Kips 99.25 ft. Kips 
Impact 29.78 
Dead Load 
Superstructure 35o55 139.11 
Dead Load 
Substructure 13o08 29.48 
67.17 Kips 297.62 ft. Kips 
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K = 
12 X 297 o62 
= 1432 18 X (37.25) 2 
p = .00902 
As = 6o05 in. 2 
Use 4 - #11 bars (Area = 6.25 in. 2 ) 
Shear Reinforcement 
Maximum Shear at Inside Face of Column. 
Live Load Shear 1Bo54 Kips (See Table V} 
Impact 30% 
Dead Load Superstructure 
Dead Load Substructure 
3.31 X 1.5 X lo5 X 10.125 
Maximum Unit Shear 
v = 
67.17 X (10)3 
18 X 37.25 X 7/8 = 
5.56 




Of this amount the concrete will take a maximum of 
90 pounds per square inch. (31 ) Therefore, reinforcing 
(31) A.A.S.H.O. op. cit. Page 149 3.4.1l(c) 
wi~1 have to be added to take the remaining 24.45 pounds 
per square inch. 
(32) 
Using #4 bars, the spacing will be: 
s -
2 X .1963 X 16000 
18 X 24.45 = 14.3 in. 
Therefore, use the minimum reinforcement (32) of #4 
55 
~ssouri State Highway Department Standards, op. cit. 
(q 1.29) 
bars at 12" centers. 
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STABILITY OF THE END BENTS 
End bents o£ this type with £ootings to rock and sup-
porting a concrete deck girder span are usually found to 
be stable. The reason for this is the minimum batter of 
the columns permitted by Mdssouri State Highway Department 
Standards (33) makes the footings large enough to resist 
(33) ibid. (q 1.32) 
the overturning moment of the earth pressure and surcharge. 
In the design of this structure the stability o£ the 
end bents was verified, but for reasons of brevity, the 
author will show just the calculations used to verify the 













Against the Wing: 
(See Fig. 10, Page 57). 
5o91 X 25 = 148 
2o25 X 25 - 56 
-
3.66 X 25 = 92 
: 437 lb. X 1.97 
P2 56 2o25 x-x 
2 5.48 = 345 
X .75 
= 861 ft. lb. 
= 259 
57 
5.48 1 D 
Earlh Pressure Aqoin.:sl ihe PV!n9 
Pt ~Volume or ABEFOH 437 lb 
P2:; Vo/ul7?e or CDJKHI = 345 lb. 
P3 = Vo/vn7e orCDEJKL 5G7 lb. 
Rf:: Volume or BcKL = 308 lb 
To fa/ Pre5sure = /(05 7 1.6. 
FIGURE 10 
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P3 92 X 2.25 X 5.48 : 567 lb. X 1.125 : 2 638 ft. lb. 
P4 92 X 3.66 X 
---r 5.48 = 308 X 3.47 = 1069 
1657 lb. 2827 .ft. lb • 
y - . 2827 = 1.71 ft. 
- 1657 
The Earth Pressure on the wing was found to be 1657 
lb. acting at a point 1.71 ft. above the bottom of' the 
wing. 
Surcharge. 
No surcharge was used on the wings. (34) 
(34) ibid. Ql Plate 1 
Horizontal Pressure Against the Beam and Backwall: 
Earth Pressure 
<
62°) 2 x 25 x 11.875 = 5344 lb. acting 2.0 ft. above 
the bottom of' the beam. 
Surcharge. 
6.0 x 50 x 11.875 = 3563 lb. acting 3.0 ft. above the 
bottom of' the beam. 
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Horizontal Pressume Against the Columns (See Figo 11, 
Page 60). 
Earth Pressure. 
150 X 5.0 X 1.75 = 1313 lb. X 9.90 = 12999 ft. lb. 
1/2 X 125 X 5.0 X 1.75 = 547 X 9.07 - 4961 
275 X 7.4 X 1.75 = 3561 X 3.70 = 13176 
1/2 X 44 X 7.4 X lo75 = 285 X 2.47 - 701 
5706 lb. 31837 f't. lb. 
y = 
31837 
5706 • 5.58 f't. 
The total earth pressure on a column was f'ound to be 
5706 lb. , act·ing at a point 5. 58 .ft. above the bottom of' 
the f'ooting. 
Surcharge. 
1.75 X 12.40 X 50 • 1085 lb. X 6.20 : 6727 f't. lb. 
The total surcharge on a column was found to be 1085 
lb., acting at a point 6.20 f't. above the bottom of the 
f'ootingo 
The overturning moments were then calculated about 
the bottom o.f the f'ootingo 
1----~ u 
-§---1---------- CJ) 
V) ,__ ____ __,.,.t 
1-----,------_....~ 
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FIGURE II 
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TABLE VI - OVERTURNING MOMENTS 
Earth 
Pressure y O.T.M. 
(lb.) (.ft. ) (ft.lb.) 
Wing 1657 14o11 23380 
Beam & 
Backwa11 5344 14.40 76954 
Column 5706 5.58 31837 
Total 132171 
Vertical Earth Pressure on Footing. 
.5 X 2.75 X 16.40 X 100 
2 X .5 X 1.5 X 10.40 X 100 





1/2 X 2.75 X 4.25 X 2.125 X 100 : 
-1.75 X 11.90 X .375 X 150 : 
-~ X 1o75 X 11.90 X 3.29 X 150 : 
-y = 35384 = 3 40 ft 
• 0 • 10166 
Sur-
charge y O.T.M. 
(lb.) (ft.). (ft.lb.) 
- -
3563 15.40 54870 
1085 6.20 6727 
61597 
p y Py 
(lb.) (ft.) (ft.1b.) 
2255 X .25 = 564 
1560 X 1.25 = 1950 
11419 X 4.125 = 47103 
1242 X 3.417 : 4244 
-1171 X 2.188 : -2562 
-5139 X 3.097 : -15915 
10166 35384 
Dead Load of End Bent. 
3.31 X 1.5 X 10.125 X 150 
1.0 X 1o0 X 5.91 X 150 
1o0 X 5.48 X 816/2 X 150 
1o75 X 13.71 X lo75 X 150 
1/2 X 1.75 X 13.71 X 3.42 X 150 
2.75 X 6.25 X 2o0 X 150 











p y Py (1b. ) (ft.) (ft.1b.) 
7541 X 1.25 = 9426 
887 X 1.0 = ·887 
3354 X 1.0 - 3354 
-
6298 X 1.375 - 8660 
6154 X 3oJ9 - 20862 
5156 X 3.125 - 16113 
-
29390 59302 
After computing the horizontal and vertical forces, 
the end bents were investigated for the following cases of 
loading: (35) 
(35) ibid. (q 1.52) 
Case I - Total Dead Load and Surcharge. 
(Moments taken about the heel o£ the footing) 
Dead Load Superstructure 35550 lb. x 1o25 = 44438 ft.lb. {See Table V, Page 53) 
Dead Load Substructure 
(See Top of Page) 29390 
X 2.02 : 59302 
Vertical Earth Pressure 10166 lb. x 3.48 = 35384 £t.lb. (See Page 61) 
Horizontal Earth Pressure =132171 
(See Table VI, Page 61) 
Surcharge = 61597 (See Table VI, Page 61) 
y = 332892 75106 
75106 lbo 
= 4.43 ft. 
332892 £t.lb. 
The resultant force would act at a point 4.43 ft. 
from the heel of the footing or .26 ft. inside the middle 
half of the footing. The resulting toe pressure (36) 
(36) Civil Engineering Handbook - Urquhart 1934, Page 651, 
Fig. 9. 
would then be: 
p = 75106 (1+ 6 X 1.30 ) : 27014 lb./ft.2 6.25 6o25 
Case II - Total Dead Load, Surcharge and Live Load. 
(Moments taken about the heel of the footing) 
Case I 




y = 356067 = 3 oo ~ 93646 °0 .to 
= 332892 ft.lbo 
X lo25 = 23175 
356067 ft.lb. 
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The resultant force would act at a point 3o80 ft. 
from the heel of the footing or .89 ft. inside th~ middle 
half of the footing. The resulting toe pressure would 
then be: 
p = 93646 (1+ 6 X .63 ) : 24045 lb./ft.2 
. 6.25 6.25 
Case III - Dead Load Substructure, Dead Load Earth 
and Surcharge. 
(Moments taken about the heel of the footing) 
Dead Load Substructure 
Vertical Earth Pressure 
Horizontal Earth Pressure 
Surcharge 









39556 = 7.29 ft. 
The resultant force would act at a point 7.29 :ft. 
from the heel o:f the footing or 2.60 ft. outside the 
middle half of the .footing. Therefore., the bent is un-
stable for this loading and a note (37) is required on the 
{37) Missouri State Highway Department Standard, op. cit. 
Index Q. 
plans to the effect that the superstructure must be in 
place before the fill is carried above the bottom of the 
beam and backwall. 
Case IV - Total Dead Load and Live Load. 
(Moments taken about the toe o£ the footing) 
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Live Load 18540 lb. x 5.0 = 92700 ft.lb. 
Dead Load Superstructure 35550 x 5.0 = 177750 
Dead Load Substructure 
Vertical Earth Pressure 
Horizontal Earth Pressure 
29390 
10166 
X 4.23 : 124320 
X 2.77 : 28160 
= 132171 
93646 lb. 290759 ft.1b. 




The resultant force would act at a point 3.10 ft. 
from the toe of the footing or 1.54 ft. inside the middle 
half of the footing. The resulting heel pressure would 
then .... be: 
p = 93646 {l+ 6 X .025 6.25 6.25 = 15343 lb./ft.
2 
Case V - Live Load and Total Dead Load Mdnus Horizon-
tal Pressure. 
(Moments taken about the toe of the footing) 
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Live Load 1.8540 lb. X 5.0 = 92700 ft.lb. 
Dead Load Superstructure 35550 
Dead Load Substructure 29390 







= 4.52 ft. 
X 5.0 = 177750 
X 4.23 = 124320 
X 2.77 = 28160 
422930 .ft.lbo 
The resultant force would act at a point 4.52 ft • 
.from the toe of the .footing or .17 .ft. inside the middle 
half of the .footing. The resulting heel pressure would 
then be: 
p • 93646 (l+ 6 X 1.39 ) a 34977 lb./ft.2 
6.25 6.25 
The heel and toe pressures .found above are slightly 
higher than the minimum allowable safe bearing pressure 
.for rock and the resultants in Cases I, II, IV, and V fall 
with the middle half of the .footings. Therefore, the end 
bents are considered to be stable if they are not back 
filled above the bottom of the beams and wings before the 
superstructure is in place. 
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LETTING OF THE CONTRACT 
After the design computations were checked, the plans 
drawn, and the materials estimated, <38 ) the project was 
(38) Appendix A, Sheet 1 of 3. See Table of Estimated 
Quantities. 
scheduled for the May 2, 1952, letting. In that letting 
this project attracted only two bids, one of $18,542.00 
from Jos. J. Griesemer of Billings, ~ssouri and the other 
being $20,926.00 from the c. H. Atkinson Paving Company of 
Chillicothe, Missouri. 
After due consideration by the ~ssouri State Highway 
Commission, both of these bids were rejected on the 
grounds that with the ten percent added for engineering 
inspection, etc., the project would exceed the estimated 
total cost of $19,155.50. 
On June 10, 1952, the ~ssouri State Highway Commis-
sion awarded the project to the State Highway Headquarters 
Forces for $15,668.50. 
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CONSTRUCTION 
Construction work began on the structure the first 
part o£ January 1953 and was terminated on March 18 o£ the 
same year. 
As this work was carried on in cold weather, the con-
crete was required to be heated. With the exception o£ 
heating the concrete, no unusual difficulties were encoun-
tered in completing this structure. 
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SUMMARY 
This was the first test bridge that was to be built 
by the Missouri State Highway Department. Because of this 
fact, the design features of the bridge had to be conserv-
ative. The original plan was to make this structure as 
similar to a standard concrete deck girder bridge as pos-
sible with the exception that the girders were to be pre-
cast and used with a cast in place slab instead of the 
girders and slab being built monolithically. However, 
rectangular shaped girders proved to be too heavy and 
uneconomical. It was then decided to trim off some of the 
ineffective concrete leaving the section that was used. 
(See Fig. 3, Page 15) 
The substructure units used were identical with those 
used by the State Highway Department for concrete deck 
girder bridges with two minor exceptions, the keys located 
between the interior girders and the steps along the top 
edges of the beam. (See Fig. 7, Page 42) The keys were 
used to prevent the girders from shifting sideways out of 
their proper position and the steps along the top edges of 
the beam were used to prevent the beam from cracking off 
in front of the girders. 
CONCLUSIONS 
After studying several types of precast designs and 
actually using two of them, the ~ssouri State Highway 
Department has definitely discarded all types that serve 
only as girders to support a roadway slab cast on them~ 
The type that has been adopted consists of inverted 
trough or channel units, which serve as girders, and at 
the same time provide the roadway slab. On the first 
structure of this type (39) constructed in Mdssouri, a 
(39) Bridge No. P-180, Route P, Mercer County. 
70 
savings of at least twenty percent was realized on this 
type of superstructure as compared with an I-beam and con-
crete slab superstructure of the same lengtho 
The cost analysis for the structure described herein 
is contained in Appendix B. It is to be noted that this 
work was performed by the Missouri State Highway Depart-
ment Headquarters Forces and therefore no profit, etc., is 
included in the unit prices quoted. 
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June 17, 1953 
CONSTRUCTION: Precast Girders 
Route SA, Project S-1026(1) 
Stone County 
Mr. Po H. Daniells: 
Since the construction o£ precast concrete structures 
on Mdssouri State Highways, the following facts and com-
ments may be of interest to you. 
The bridge in which precast girders were involved was 
located on the above mentioned route over Go££ Creek about 
three miles west of Ponce De Leon. It consisted of ·a con-
crete substructure founded on rock, and three thirty-foot 
concrete deck girders. The girders, of which there were 
twelve, were precast on the site, later hoisted into place, 
·after which a 6 in. concrete floor was poured. 
The overall length of the girders was 32 ft. 6-1/2 in. 
for the intermediate span, and 32 ft. 6-1/4 ino for the 
end spans. Each girder contained approximately 3o25 cubic 
yards of concrete and weighed approximately 6.58 tons. 
Construction work began on _the structure the first 
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part o£ January, 1953, and was completed on March 18. 
Three knockdown £orms were built for use in pouring the 
girders which meant that each form was used four times. 
These £orms probably could have been used one more time 
without the necessity of wrecking and rebuilding in order 
to secure satisfactory lines and surface. 
Upon completion of the work our cost data indicated 
the £ollowing cost per cubic yard for the various types of 
concrete. 
Class "B" Concrete - Floor and Curbs 
Class "B" Concrete - Substructure 
Class "B" Concrete - Precast Girders 
Class "B" Concrete - Handrail 
per cu.yd. $60o823 
per cu.yd. 65.774 
per cu.yd. 80.287 
per cu.yd. 80.27 
As this work was performed during the winter months 
when it was necessary to protect £rom freezing, the heat-
ing cost per cubic yard was rather high. This cost was as 
follows: 
Heating & Curing Substructure Concrete per cu.yd. 
Heating & Curing Precast Girders per cu.yd. 




The handrail was not heated, as temperature at the 
time of pouring was well above freezing. 
Had the concrete been poured in warm weather and 
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heating eliminated, the cost per cubic yard of' various 
types concrete would have been reduced by the above 
amounts and would have been as follows: 
Class "B" Concrete - Floor and Curbs per cu.yd. $57o))J 
Class "B" Concrete - Substructure per cu.yd~ 55.534 
Class . "B" Concrete Precast Girders per cu.yd. 66.447 
Class "B" Concrete - Handrail per cu. yd. 80.27 
In analyzing the variable cost for heating per cubic 
yard, it is interesting to note that where it is necessary 
to heat small increments the cost rises rapidly. For in-
stance, the precast girder concrete was poured and heated 
in four operations, each operation involving the heating 
of only 9.75 cubic yards of' concrete. Likewise, the sub-
structure consists of' several small pours which had to be 
heated separately. The floor slabs involved three pours 
and beatings, each containing approximately 18.4 cubic 
yards. The housing problem for heating the floor slabs 
was not as involved as was the case on the other smaller 
pours; therefore, labor costs were considerably less. 
Fuel consumption remains about constant per hour of heat-
ing. Approximately 1800 gallons of' kerosene were used in 
heating. 
Had the floor system been poured in the conventional 
way, the heating process would have involved only three 
pours, whereas seven beatings were necessary. Had only 
three heatings been necessary and based on the cost of 
heating the floor system, the· cost per cubic yard would 
have been only $2.069 per cubic yard instead o£ $7.706. 
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The beams were hoisted into place with the use o£ a 
one-yard truck-mounted crane, rented from John Drennon & 
Sons, Springfield, Missouri. Rental on this machine was 
$15.50 per hour, actual working time, which included fuel, 
lubricants, repairs, an operator, and one rigger, plus all 
necessary rigging. Transportation cost to and from the 
job was at the rate of $lo00 per mile which included both 
men's time. Total amount paid for equipment used in erec-
tion was $431.50. Cost per cubic yard for erecting precast 
girders was $11.064. 
The equipment and crew which was rented was very 
efficient, and it is doubtful if ownership would have de-
creased the cost per cubic yard for erection unless the 
equipment was located nearby. A more of any distance with 
thi~ type of equipment would have been prohibitive due to 
small amount of yardage involved. 
In erecting precast girders of this length and longer 
it is advisable to use a crane mounted on a truck, because 
outriggers can be used and boom can be lowered a much 
greater distance than is possible with a crawler type 
crane with which it is impractical to use outriggers. 
Greater maneuverability may be had with the use of 
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outriggers while handling weights as great as is involved 
in· the erection o£ this type girder. 
Unless there are a number of structures of like de-
sign or a long structure involving a large number of 
girders, it is not believed there is any substantial sav-
ing to be had in calling £or the use of precast girders. 
Great difficulty is foreseen for the contractor if girders 
longer than 35 ft. span are specified, as girders longer 
than that would entail the use o£ larger equipment than is 
ordinarily used by contractors on bridge work in this 
state. 
It is also believed that structures o£ this type 
should not be used over streams that are constantly carry-
ing water of any depth or width, narshould they be used 
where stream beds and banks are o£ a mucky £ormation. The 
weights involved are too great to be satisfactorily handled 
under these conditions. 
/s/ J. J. Corbett 
Engineer of Construction 
(Copy o£ letter from Mr. J. J. Corbett, Engineer of 




Precast Girders for Bridge Superstructure 
The work under this item consists of the manufacture, 
transportation, all other handling and erection of the 
precast concrete girders for the superstructure of this 
proposed bridge at Station 438+97.0. 
These bridge units shall be constructed to the dimen-
sions and reinforced as indicated on detail design plans. 
Each precast concrete girder shall be true to shape and 
line and free from twist or wind, with an allowable varia-
tion from specified camber with not more than plus or 
minus 1/4 inch. 
Payment for the manufacture, transportation, handling, 
and erection complete in permanent position on the new 
bridge substructure of these precast concrete girders will 
be made and fully covered under the following two items. 
Unit prices bid under these items will be full compensation 
for furnishing the materials and all labor, tools, equip-
ment and other incidental work. 
Item 16-B, Class B Concrete Precast Girders, (per 
cubic yard). 
Item 19-A, Reinforcing Steel, per pound. 
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Forms 
The forms for the precast girders shall be made in 
accordance with best current practice and shall be placed 
on a rigid, smooth base and shall be sufficiently rigid in 
themselves so that there will be no movement of the forms 
during the pouring or the setting up of the concrete. 
Adequate means shall be employed to line up and brace the 
forms to insure a true contour to the finished units. 
The precast units shall not be moved from the casting 
forms for at least forty-eight hours after casting and not 
until a minimum compressive strength of 1,000 p.s.i. has 
been obtained. Curing shall be continued at least seven 
days. Transportation and erection shall be delayed until 
after these precast concrete girders have obtained speci-
fied design strength. 
Suitable means shall be used in the handling of these 
precast girders and utmost care should be used to prevent 
. any · distortion during handling, transportation and storing. 
Any units which have been damaged by handling or during 
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VITA 
Robert Vernon Gevecker was born August 20, 1926, in 
St. Louis, Missouri, the son o£ William A. and Lucile E. 
(Beadle) Gevecker. In May 1950, he was married to 
Guinevere Mary Braun of Osage Bend, Mdssouri. He has two 
children, a daughter, Jane Marie, and a son, Jack Robert. 
His elementary education was received in the public 
schools o£ the City o£ St. Louis, Missouri. Tn June 1943 
he matriculated at the Mdssouri School of Mines and 
Metallurgy where he studied until he was called into the 
United States Navy February 1, 1945. He served as an 
Electronics Technicians Mate until he was discharged July 
25, 1946. He re-entered Mdssouri School o£ Mines and 
Metallurgy in September of that year and completed his 
studies in January 1948, receiving the degree of Bachelor 
of Science in Civil Engineering the following May. 
Upon graduation he was employed by the ~ssouri State 
Highway Department as a detailer in the Bureau of Bridges, 
Jefferson City, ~ssouri. In April 1950 he was transferred 
to the Bureau of Construction, Division 4, Kansas City, 
Missouri, as an Engineer Inspector on the $3,650,000o00 
Southwest Trafficway-Penn Valley Park Projects. In 
November 1950 he was returned to the Bureau of Bridges as 
a designer. In April 1953 he was promoted to Bridge 
Maintenance Supervisor, the position in which he is now · 
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employed~ 
Mr. Gevecker became a Registered Professional Engi-
neer on November 10, 1952. He is registered under the 
classifications 5-G-4 (Graduation, previous enrollment and 
four years experience) and 3-WO-Ex (Written and oral 
examinations). 
